The O 3 enhancement region migrates northward from spring to summer. Model analysis indicates that the northward migration is driven by seasonal shifts of O 3 transported from the stratosphere and that produced through photochemistry from surface emissions and lightning NOx. As their uncertainties improve, satellite measurements of O 3 and its precursors will be able to provide more quantitative constraints on pollutant outflow from the continents.
Introduction
Major pathways for North American pollution outflow in the free troposphere include cloud convection [e.g., Pickering et al., 1988] and transport by the warm conveyor belt (WCB) [e.g., Cooper et al., 2002; Li et al., 2005] . The large impact of convection with associated lightning on O 3 and its precursors in the upper troposphere (UT) over North America are evident in the in situ measurements in two experiments: the SASS (Subsonic Assessment) Ozone and NO X Experiment (SONEX) [e.g., Singh et al., 1999] and the Intercontinental Transport Experiment-North America, Phase A (INTEX-A) [e.g., Singh et al., 2006] . The enhanced O 3 and its precursors in the UT can be quickly exported to the western North Atlantic by westerly winds [Choi et al., 2005 [Choi et al., , 2007 .
Another mechanism, WCB, associated with mid-latitude cyclones, transfers air pollutants from the boundary layer to the free troposphere.
Many investigators have reported better agreement between the satellite measurements and the model results in tropical regions than at mid and high latitudes partly due to the difficulty in simulating cloud convection and lightning at mid latitudes [e.g., Chandra et al., 2004; Martin et al., 2006; Ziemke et al., 2006; Hudman et al., 2007] . Recent GEOS-CHEM studies have shown that lightning NOx production at higher latitudes in the standard global model needs to be increased by up to a factor of 4 [e.g., Li et al., 2005; Martin et al., 2006; Hudman et al., 2007] . Choi et al. [2005] demonstrated that the transient enhancements of lightning NOx and the convective transport of CO have large enough signals for satellites to detect.
In this work, we examine O 3 enhancements over the western North Atlantic during the transition from spring to summer in 2005 using measurements from recent satellite instruments, the Ozone Monitoring Instrument (OMI), the Microwave Limb Sounder (MLS), and the Tropospheric Emission Spectrometer (TES) onboard the NASA Aura satellite. These O 3 enhancements are direct evidence of continental outflow and the ability of models to simulate these features is necessary before applying the models to assess the impacts of pollutant emissions. We investigate how O 3 enhancements in the outflow region over the North Atlantic compare to the source region of its precursors and if the location of large O 3 outflow changes from spring to summer. Further, we apply the Regional chEmical and trAnsport Model (REAM) [Choi et al., 2005 [Choi et al., , 2007 [Worden et al., 2007] .
Model Description
The REAM model was used previously by Choi et al. [2005 Choi et al. [ , 2007 , Jing et al. spring due to a low bias in the specified upper boundary condition [Choi et al., 2007] . low. REAM bias is propagated from GEOS-CHEM through the specified upper boundary condition [Choi et al., 2007] . The bias in the upper boundary condition likely leads to some underestimates of the stratospheric contribution to the tropospheric O 3 column shown in Figure 1 .
Results and Discussion

OMI-MLS
OMI Tropospheric Column NO 2
NOx is a major precursor for tropospheric O 3 production. are off the coast of northeastern US. REAM also simulates higher NO 2 columns over the ocean than OMI. Compared to GOME [Choi et al., 2005 [Choi et al., , 2007 and SCIAMACHY [Martin et al., 2006] , the NO 2 columns retrieved from OMI over the western North Atlantic are lower. The reason for this difference is unclear; detailed studies of OMI and SCIAMACHY NO 2 retrievals are needed. Simulated O 3 enhancements due to lightning (Fig. 1) 
